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The purpose of this study was to estimate the production of the 4. clausi population
and to assess its long-term changes for the summer seasons before (1957-1988) and
after (1989-1996) AMnemiopsis invasion.

To achieve this, the following tasks were assessed:

A mathematical. description of the individual growth and development of
marine copepods applied to experimental data which was obtained in laboratory
conditions at a temperature range of 20-22 ° C;

e an estimgtion of the daily production of the A. clausi population based on
data of the Kamish Bay monitoring program carried out during 1960-1969;

e an estimation of the population production dependent on the number of late
stages (copepodite IV and older).

2.Materials and Methods

2.1 MATHEMATICAL MODEL DESCRIPTION OF THE INDIVIDUAL GROWTH AND
DEVELOPMENT OF 4. CLAUSI

Development of a model to describe the individual growth and development of 4
clausi: In t.his model all parameters are different for naupliar and copepodite stages[7].
Th; experimental data on individual stage duration (d;) and volumes, transferred tc;
weights (W;) with transition coefficient according to [8-10], were corrécted accordin

to Dayar and Prjibram (cited on [1 1]) equations: v

| e B-i a-i
W, =a-e and d;=do- e 5 €))

wher; 1 - stage of development, i=1,..,N; N=6 for naupliar stages and N=5 for
copepodite stages‘; a, B, do, o - constants, and e - exponential function.
Then the continuous function W(t) isestablished as:

W(t) =a-q-(1+t/8)F > )

where 8 =d,/ (1- e ™) and coefficient q is found from the equation:
t
Wi = 1#d - _[W(t)dt 3)
ti-1

2 1Values of coefficients, included in the equations (1) were calculated by the method
? cast squares on data obtained from experiments in laboratory conditions at a
emperature range of 20-22 °C [8, 10].
.2 METHOD FOR THE ESTIMATION OF THE A. CLAUSI PRODUCTION

Che individual daily increases in biomass were calculated as:

Pi=(Wti)-W(ti))/d; C))
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The biomass and daily production of the A. clausi population in Kamish Bay
during the summer seasons of 1960-1962 and 1964-1969 were calculated by the
equation (5) - (5') as in the literature [12,13]:

Bt = Wiyt . 00 =00 5)
B' =%n;- W;, for i=2,..,10 "
Data on age-distributed numbers (n ; ) were obtained by the Greze planktonometer

[14] from the upper 40-meter layer. The index i and age group or stage correspond as
given below:

i 1 2 3 - 5 6 7 8 9 10
group egg | on | mn cl c2 ¢3 cd ¢S5 | fem | male
“young stages” “older stages”

The group ortonauplii (on) contains the first two naupliar stages and metanauplii
(mn) comprise the others.

Due to the fact that most of the field data were obtained by a Juday net, which does
not catch the youngest stages of copepoda [15, 16], the estimation of biomass and
production was carried out with the older developmental stages (N7.10). To account for
this problem we suggest a linear regression as follows:

Y = A +CX., where X = N9

For numerical estimation of the regression coefficients we have used the database of
the Kamish Bay, monitoring program during 1960 -1962, 1964 - 1969 in summer.
The data (N7.;0) were then multiplied by the catchability factor 1.87 [16].

The calculated formulaec were applied to data on 4. clausi numbers, from the
zooplankton database which was created within the framework of the project " TU-
BLACK SEA " for period 1957 -1996.

The spatial distribution of A. clausi stations is shown in Figure 1. The majority
(88 out of 226) are in the north-western region of the Black Sea.

Figure 1. Distribution of A.clausi stations (o- IBSS, e - IMS) for the period 1957-1996.
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3. Results and Discussion

A growth curve calculated according to equation (2), experimental and corrected
values W ; are shown in Figure 1.

Average individual characteristics of A. clausi growth and development
evaluated using equation (1) on experimental data [8] are shown in Tables 1 and 2.

W (meg)
15.35
9.13
5.46
3.27
2.35
1.35
:
7.6 11.1 14.1 17.35 21.3 a35.6 30.5
t (day)

t1“71'gure 2_. The ixxdivifiual growth curve W () for A.clausi at temperature 20 - 22 °C on a logarithmic scale; N -
or naupliar stages, C - for cc?pepodlte stages. Horizontal bars represent the average weights W; of stages , broken
lines for experimental and unbroken for corrected values.

TABLE 1. Ayerage individual cl}aracteristics of A. clausigrowth and development designed on the
equations (1) and (3) applied to experimental data [8] for the temperature range 20-22°C.

W Stage | Daily increase in biomass, Average ind. Duration of develop-
4 mcg/day biomass, mcg mental stages, day

1 ova - 0,309 0,50

2 on 0,0034 y 0,206 1,78

3 mn 0,291 1,468 9,29

4 cl 0,378 3,270 3,00

S 02 0,824 5,464 3,39

6 c3 1,218 9,129 3,83

7 c4 1,803 15, 254 4,32

8 c5 2,668 25,488 4,88

9 B 3,950* 34,920 > = 30,49
10 m - 29,920 -

) Dai.ly increase in indiyidual adult biomass by generative growth was accounted at condition: interval between
pawnings 1-1.5 days , size of spawning size 16 eggs ([9].
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TABLE 2. Coefficients of equations (1) - (11), describing the individual growth of A. clausi
at temperature range 20-22°C in experimental conditions [9[.
Stage of a do B a S q

development
Naupliar 0.3038 | 0.5590 | 0.5581 | 0.0826 | 2.1338 | 1.2868

Copepodite | 0.1216 | 2.6564 | 0.5134 | 1.9570 23.1934  1.2720

Formulae for the estimation of 4. clausi biomass (B2 mg/m3) and production (P?
mg/m3/day) on data for the number of older stages (N 7.0 ) from Kamish Bay are
shown below.

B?=0.031"N 70+ 0.678 (6)
PP = 502 -Wey + 115, (7

The average production and biomass of the A. clausi population in different regions
of the Black Sea for the period before the Mnemiopsis invasion and after are
shown on Figure 3. The values of the 4. clausi population daily coefficients P/B
for these regions and periods are shown in Table 4. Both production and biomass of
Acartia have decreased between 1.5 to 4 fold depending on the region. The maximal
decrease took place in the north-western Black Sea. In the 1960°s A. clausi
comprised about 15 % of the total copepod biomass and production of the neritic zone
[13]. However, in the period 1989-1996 A. clausi was seen to make up about 70 % of
total biomass in inshore areas [5]. If we assume the same to be true with respect to
production, we can conclude that the total copepod production has reduced by at least
10 fold. It should be stressed that these results are not applicable to any other
season except summer, because of the essential differences in the population’s age
structures and in the production contributions of the various stages [17]. For
example, in certain years explosive growth of the younger stages were observed.
Such phenomena require a special interest and research. However the proposed
approach may be applicable to other warm water species in the summer seasons.

TABLE 3. A. clausibiomass (mg/ m3) and production (ug /m 3/ day) in Kamish Bay estimated by
different methods [12].

Year | Month N7.10 B! P! B2 P2 B3 | 1§3
ind/m3 | eq.(5) | eq.(57) | eq.(6) | eq.(7) [17] [12]
1960 7 458 14.71 1399 14.92 1498 ‘
8 121 5.21 608 4.44 480 8.7 1013
9 61 2l T 225 2.58 299
1961 7 242 8.68 935 8.20 846
8 219 7.66 756 7.49 776 5.7 1000
9 15 2,77 307 3.01 342
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TABLE 3 (continued)
Year | Month N7-10 B! P! B2 P2 B3 P3
7 158 7.26 841 8.60 592
8 164 4.38 471 557 610 6.1 850
9 553 16.70 1625 17.88 1785
1964 7 558 17.41 1811 18.03 1800
8 688 21.54 2238 22.07 2193 14.3 1669
9 81 311 310 3:20 360
1965 7 299 8.81 815 9.98 1018
8 300 13.62 1414 10.01 1021 9.6 1364
9 334 10.83 57 11.07 1124
1966 7 123 4.26 431 4.50 487
8 130 4.28 474 4.72 508 32 335
9 74 2.47 262 2.98 339
1967 7 138 6.00 658 4.97 582
8 238 8.19 848 8.08 834 4.3 648
9 29 1.30 153 1.58 203
1968 7 197 6.50 705 6.80 710
8 616 17.95 1659 19.84 1976 i 1060
9 29 141 117 1.58 203
1969 7 1731 54.94 5356 54.51 5343
8 484 18.37 1920 1573 1577 27.6 3715
9 40 1.54 193 1.92 236
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TABLE 4. Daily coefficients P/B of 4. clausi in the Black Sea in summer before the Mnemiopsis outburst
(1957-1988) and after (1989-1996). (n - total number of stations)

Figure 3. Biomass and production of Acartia clausi in the Black Sea before Mnemiopsis invasion (1957-1988)
and after (1989-1996).

Region Time SwW n Nw n NE n SE n
Deep Before 0.096 5 0.096 10| 0.095 | 4 0.095 |

After 0.094 3 0.091 191 0.093 |17| 0.093 |49

Shelf Before 0.094 18 0.095 28 - 0 - 0

After 0.095 7 0.092 [32| 0.089 |30| 0.093 3
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